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Abstract 


This talk will introduce the science and technology considerations for radar towards homeland 
security applications. These include through-wall detection and imaging of humans, detection of 
weapons concealed beneath clothing, detection of buried mines and improvised explosive 
devices (IEDs), detection and imaging of hidden contraband in containers, and border and 
perimeter surveillance. Each application is unique requiring the optimum choice in frequency, 
bandwidth, polarisation, and processing considerations. Imaging needs are met using techniques 
such as synthetic aperture rada! r (SAR) and radar tomography. The talk will commence by 
reviewing different approaches to radar phenomenological modelling and hardware architecture 
implementations, and discuss their operation and performance. Different types of radar 
waveforms in general use will be discussed, both conventional and emerging. These will include 
pulsed, impulse, dual-frequency, FMCW (linear and stepped), noise (random and pseudorandom), 
and noise-like (chaotic), with special reference to the unique requirements for through-the- 
barrier imaging applications. We will then discuss how specific waveforms are affected by the EM 
environment and assess the limitations of current techniques. The tutorial will conclude by 
showing the results provided in several open literature publications on the versatile applications 
of radar in practical applications related to homeland security. Unique features associated with 
individual applications will be discussed in detail. 
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This is a review presentation and thus most figures and images are obtained from openly 
accessible published papers by several authors who are cited to the best of my knowledge. 


Introduction 


e Several needs exist for surveillance through 
barriers, such as walls, foliage, containers, 
packages, rubble, etc. 


e Radar is the most appropriate sensor modality 


e Homeland security applications include 
human detection behind walls, buried land 
mine detection, tunnel and cavity detection, 
contraband detection in containers, concealed 
weapon detection, etc. 


Major Technical Considerations 


e Optical systems will not work as most 
materials are opaque to short wavelength 
signals 

e Microwave and millimeter-wave are best since 
these signals generally penetrate non-metallic 
media 


e Passive microwave systems can provide 
imaging capability but have low sensitivity 


Materials 
Building materials, such as concrete, brick, 
stone, wood 
Soil types 
Clothing materials, such as cotton, nylon, wool 
Paper and cardboard 


Foliage, such as deciduous and coniferous 
trees, bushes, shrubs 


Irregular media, such as collapsed rubble 


Sensor of Choice 


e Active sensor to illuminate scene and target 
and achieve good signal-to-noise ratio (SNR) 


e Long wavelength sensor to penetrate barrier 
materials shown in previous slide 


Above requirements point to the 
need for Microwave, Millimeter- 
Wave, and more recently, 
Terahertz Radar 


Radar System Design Options 


radar system design options 


domain time frequency spatial 
modulation amplitude linear stepped pseudorandom holographic 
sweep frequency (single frequency) 
receiver matched filter complex I/Q mixer correlator 
direct sampling 
sequential 
sampling 
down-conversion 





processing singularity expansion image processing pattern recognition 
methods neural networks 
wavelet transforms 


Ref: Daniels, Ground Penetrating Radar. London, UK: IEE, 2004. 


22 March 2018 EE Grad Colloquium 


Waveforms 


Pulsed 

Linear frequency modulated (LFM) 
Step frequency modulated (SFM) 
Noise or Chaotic 


Increasing Technical Challenge 


Ground penetration radar 





Object 


eSingle air-ground interface 
eLossy propagation media 

eLow density clutters 

ePortable system is not required 


22 March 2018 


Through-wall sensing Earthquake re 
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e Two air-wall interfaces eComplex reflection interfaces 
eLossy propagation media eMixed materials 

eHighly dense clutter environment eHighly dense clutter environment 
ePortable system is preferred ePortable system is not required 
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Ground Penetrating Radar 


Ground Penetrating Radar Characteristics 


e Transduction and signal control 


> Antennas do not need to be in contact with the surface of the earth, 
thereby allowing rapid surveying 


> Antenna design can be optimised to have adequate properties of 
bandwidth and beam shape 


> Signal source modulation can be optimised for maximising information 
content from target 
e Target types 
> Dielectric discontinuities are detected 


> Targets can be classified according to their geometry: planar interfaces, 
long and/or thin objects, localised spherical or cuboidal objects 


> Radar system can be designed to detect a given target type 
> 3-D target image formation is possible 


Ref: Daniels, Gunton, and Scott, “Introduction to subsurface radar,” /EE Proc. Part F, 135, 278-320, 
1988. 


Ground Penetrating Radar 
Characteristics 


¢ Overburden types 


> Signal attenuation at the desired operating frequency is the main 
factor to be considered 


> Dry materials will have a lower signal attenuation than wet ones 


> Asa rule, material which has a high value of low-frequency 
conductivity will have a large signal attenuation 


> Gravel, sand, dry rock and fresh water are relatively easy to probe 
using radar 


> Salt water, clay soils and conductive ores or minerals are lossy 


> By lowering transmitted frequency, above materials can be adequately 
investigated, although resolution between targets degrades 


Ref: Daniels, Gunton, and Scott, “Introduction to subsurface radar” IEE Proc. Part F, 135, 278-320, 
1988. 


Dielectric Properties of Earth Materials 





Material 


Cold pure freshwater ice 
Temperate pure ice 
Saline ice 

Fresh water 

Sand (desert) 
Sandy soil 

Loam soil 

Clay soil 

Salt (dry) 

Coal 

Rocks 

Walls 





Ref: Daniels, Gunton, and Scott, “Introduction to subsurface radar,” /EE Proc. Part F, 135, 278-320, 


1988. 
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Typical desired 
penetration depth* 


10 km 
+ km 
10 m 
100 m 
5 m 
3 m 
3 m 
2m 
1 km 
20 m 
20 m 
0.3 m 
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Approximate maximum 
frequency at which 
operation may be 
usefully performed 


10 MHz 

2 MHZ 
50 MHz 
100 MHz 

1 GHz 

1 GHz 
500 MHz 
100 MHz 
250 MHz 
500 MHz 
50 MHz 
10 GHz 


Subsurface Geometry 


Transmitting Receiving 


antenna antenna 





Ref: Sato, “Principles of Mine Detection by Ground-penetrating Radar,” in Anti-Personnel Landmine 
Detection for Humanitarian Demining. London, UK: Springer, 2009. 


Dielectric Properties of Mine 
Explosives 


substance Name Relative 

dielectric 

constant 
TNT 2,4,6-Trinitrotoluene 2. H Values 
Detasheet PETN 
PETN Pentaerythritol tetranitrate close 
Comp RDX TNT Xx to that 
Octol HMX TNT 2.91 of dry 
Tetryl 2,4,6-Trinitropheny1-N-methyInitramine A soil 
semtex-H RDX-PETN and 
HMX Cyclotetramethylene-tetranitramine 
Comp C-4 RDX 3.14 also to 
RDX RDX Hexahydro-1,3,3-trinitro-1,3,5-triazine 3.1: plastic 
AN Ammonium nitrate 4.1 
NG Nitroglycerin 





Ref: Daniels, “Ground Penetrating Radar for Buried Landmine and IED Detection,” in Unexploded 
Ordnance Detection and Mitigation. Dordrecht, Netherlands: Springer, 2009. 
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Sizes of Antitank Mines 
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Ref: Lee et al., “RCS models and analysis of metallic mines,” in Proc. SPIE, 3079, 581-597, 1997. 
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Radar Cross Section Model of Mine 


e Metallic mine can be considered as a metallic 
disk from above 

e Plastic mine can be considered as a plastic disk 
overlaying a disk of explosive material and 
separated by an air gap of a certain thickness 


RCS of Metallic Mine 


¢ RCS of a metallic disk of radius a is given by 
Am aE oih 
EE 
A; 
where A, is the wavelength in air 


e For typical antitank mine of 15-cm radius, 
frequency of 500 MHz (60-cm wavelength in 
air), buried in dry soil of dielectric constant 
value 3, its RCS is calculated as 0.523 m2 or 
-2.8 dBsm 


RCS of Plastic Mine 


e RCS of a single dielectric disk of radius a is 
given by Amate R 2 This value is quite 
O = 





r (soil) a small 

A 

where A, is the wavelength in air 

¢ For two such disks of almost same dielectric 
constant separated by an air gap í, the 
composite RCS shows an interference pattern 


given by a 
O somp | A ) 





0 


Radar Cross Section of Mines 


RCS (dBsm) 
ve 





Frequency (MHz) 


Theoretical RCS of the M20 and Valmara mines as a function of frequency for an incidence angle of 30° with respect to grazing 


Ref: Wong and Carin, “Analysis and processing of ultra wide-band SAR imagery for buried landmine 
detection,” IEEE Transactions on Antennas and Propagation, 46, 1747-1748, 1998. 
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Minefield Clutter 


Clutter in minefields is very difficult to model 
since it is quite variable and a function of local 
terrain and climatology 





Angola South Africa Bosnia 


Ref: Daniels, “A review of GPR for landmine detection,” Sensing and Imaging, 7, 90-123, 2006. 
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Through-Wall Radar 


Typical Issues Related to Through 
Wall Imaging 


How Much l | Can I Tell a 
Multi-path from _ Combatant? 
| Other Walls? 





- x What Signal 
What Radar . l ae = ip from the 
Parameters? , «E > SS T, i Man? 


What 
Detection 
Schemes 
for 
— P A o Separation 
What 4 What Loss from 
Operational What thru the Clutter? 
Concept? l| “Aperture”? Structure? 





Ref: Dogaru, Nguyen, and Le, Computer Models of the Human Body Signature for Sensing Through 
the Wall Radar Applications, Army Research Laboratory Technical Report ARL-TR-4290, 2007. 
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System Considerations 


Material type and thickness 

Clutter characteristics 

Target type and characteristics 

Target motion 

Sensor size, weight, and power constraints 


Imaging requirements 


General Design Considerations 


Operating Frequency 

Radar Cross Section (RCS) of Target 
False Alarm Rate 

Unknown Range 

Unknown EM Environment 


Inhospitable Environment 


Ref: Edgcombe, “Latest advances in through-wall radar sensing for security applications,” Sensor 
Review, 28, 205-211, 2008. 


Wall Considerations 


Wall Artefacts 

e Unknown Wall Attenuation or Loss 
Wall Reflectivity 

¢ Complex Wall 


Standoff Requirement 


Ref: Edgcombe, “Latest advances in through-wall radar sensing for security applications,” Sensor 
Review, 28, 205-211, 2008. 


Clutter Considerations 


e Unknown Clutter Environment 

e Unknown Clutter Characteristics 
Clutter Modulation 

e Time-varying Clutter 


Ref: Edgcombe, “Latest advances in through-wall radar sensing for security applications,” Sensor 
Review, 28, 205-211, 2008. 


Frequency and Bandwidth 
Considerations 


Penetration loss within materials increases with 
frequency and with thickness, thus calling for low 
frequencies 


Size of components and antennas decreases with 
frequency, thus calling for high frequencies 
Range resolution improves as absolute 
bandwidth increases, which 

Azimuth resolution improves with large size 
antenna or SAR operation 


Through Wall Radar Frequency 


Through-Wall Radar (TWR) Frequency 


| Poor Penetration TWR Poor Resolution 


10° Frequency (Hz) 


ese [oe [ae Fa J 


10° Wavelength (m) 





Ref: Edgcombe, “Latest advances in through-wall radar sensing for security applications,’ Sensor 
Review, 28, 205-211, 2008. 
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Penetration vs. Frequency 
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Ref: Ferris and Currie, “Microwave and millimeter-wave systems for wall penetration,” Proc. SPIE, 3375, 
269-279, 1998 
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Antennas for Through Barrier 
Imaging oc. 





21cm 
67.2 






~16cm 


Elliptical monopole Hybrid bowtie: 1-2 GHz [1] Vivaldi array: 1.2-4 GHz [2] 
325 — 1000 MHz 


Ref [1]: Browne, Burkholder, and Volakis, “Low-cost flat-panel array for through wall 
opportunistic sensing,’ Antennas and Propagation Society International Symposium, 
2009. APSURSI ‘09. IEEE 1-5 June 2009. 
Ref [2]: Wang, Yang, and Fathy, "Ultra-wideband Vivaldi arrays for see-through-wall 
imaging radar applications,” Antennas and Propagation Society International Symposium, 
2009. APSURSI '09. IEEE, 1-5 June 2009. 
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Human Detection Example 
e Consider human to be represented as a cylinder 
of diameter 40 cm 


e Assume range to (hidden) human to be 2 m 


e Assume frequency to be 2 GHz (15-cm 
wavelength) 


To achieve a resolution of 40 cm, we need minimum 
¢ Bandwidth of 375 MHz 


e Antenna size of 93.75 cm for real aperture (using 
either single antenna or antenna array) 


Electromagnetic Wave Propagation 
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Ref: Browne, Burkholder, and Volakis, “Low-cost flat-panel array for through wall 
opportunistic sensing,’ Antennas and Propagation Society International 
Symposium, 2009. APSURSI '09. IEEE 1-5 June 2009. 
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Typical Material Dielectric Properties 


e Frequency Is 2 GHz 


Material et 
— Rooftop/Floor 7.90.89 
3.0 0.00 


ee 


0.28 


Glass 


Reinforced Concrete 6.3 0.69 





Material 


Plexiglass 


Red brick 


Glass 


a 


Linoleum 


Types of Building Materials 


Comments 
7.1mm and 2.5mm thicknesses tested 
Mini-blinds, slats 25mm wide, 0.5mm thick. 
22mm openings. 
Each brick approx. 203mm (w) x 51mm (h) x 
102mm (d). 17 stacked. 
Cheapest available, 7.75mm thick 
Typical of false ceilings in office buildings. 
14.7mm thick. 
Heaviest available 
thick. 
R-13 for interior and exterior walls in warm 
climates, 890mm thick. 
glass, 2.5mm thick. 
Nominally 12.8mm and 9mm, _ thinner 
sample varied from 8.5mm to 9.9mm over 
sample. 
For fluorescent light bays in office buildings, 
approx 0.5mm wide diamond corrugations, 
thickness varies between 2.3 — 2./mm over 
ations. 
Cheapest available, 1.61mm thick. 


upholstery, 1.13mm 


Fir lumber 


Board 
Plywood 
Til 


les 


Diamond 
mesh 


stucco 


Two boards stacked vertically. E-field 
perpendicular to grain, 37./mm thick. 


19mm thick 


5 sheet plywood, total thickness 18.28 — 
18.45mm over sample. 
Tiles were approx. 10.6 x 10.8 x 7.3 mm, 
glued to 12.8mm drywall with gaps grouted. 
Total thickness approx 21.2mm 
1.7mm thick. 
Blocks approx. 406mm (w) x 203mm (h) x 
194mm (d) outside dimensions, construction 
is 4 exterior “walls” and 1 cross member 
bisecting widest dimension, wall thickness 
31-35mm. Three vertically stacked. 
5mm wide “v"’-shaped ribs every 25mm, 8 
“diamonds” between them. Diamonds 
approx. 13mm x 6mm. E-field perpendicular 
to ribs. Rib “v” depth 8.5mm, metal 
thickness 2mm. 
Concrete poured = on 
Orientation as above. 
20./5mm. 
5imm x 51mm spaced lattice of 16 gauge 
paper backed (0.95mm). 


diamond mesh. 
Total thickness 





Ref: Wilson, “Propagation Losses Through Common Building Materials: 2.4 GHz vs. 5 GHz,” in 
Reflection and Transmission Losses Through Common Building Materials, Magis Networks, 2002. 
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Attenuation through Materials 
Material Dimensions (cm) Loss at 5 GHz (dB) 


Wallboard 1.16992 x 121.8 x 196.9 2.44 0.45 
(drywall) 


Reinforced 
Concrete (TDL) 





Note: The first number in the dimensions column is the thickness of the sample: 1.e. the propagation path length 
through the material. 


Ref: Safaai-Jazi, Riad, Mugaibel, and Bayram, “Ultra-wideband Propagation Measurements and 
Channel Modeling,’ DARPA NETEX Program Report on Through-the-Wall Propagation and 
Material Characterization, Virginia Tech, 2002. 


Barrier Reflection Coefficient 


e Toafirst approximation, we can consider the 
total reflected power in air to be composed of 
> First reflection from the air-material 
interface 

> Transmission through the air-material 
interface, followed by reflection at the 
back material-air interface, followed by 
transmission at the front material-air 
interface 


Types of Indoor Clutter 
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Types of Indoor Clutter 
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Types of Indoor Clutter 
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Human Model 
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(b) 
Figure 2. FDTD grid for (a) the fat man body model and (b) the fit man body model. 
NOTE: The units on the axes are numbers of FDTD cubic cells with a 3 mm side. 


Ref: Dogaru, Nguyen, and Le, Computer Models of the Human Body Signature for Sensing Through 
the Wall Radar Applications, Army Research Laboratory Technical Report ARL-TR-4290, 2007. 


22 March 2018 EE Grad Colloquium 


Cross-Pol 


Human Behind Wall 
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Beamforming for the non-moving human behind a cinder-block wall: 
(a) Copolarization image. (b) Cross-polarization image 


Ref: Yemelyanov, et al., “Adaptive polarization contrast techniques for through-wall microwave 
imaging applications,’ /EEE Transactions on Geoscience and Remote Sensing, 47, 1362-1374, 


2009. 
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Througn Wall SAR image 


Empty room Office room 
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Ref: Chen, Narayanan, et al., “Through wall ranging and imaging using UWB random noise 
waveform: system design considerations and preliminary experimental results,” Antennas and 
Propagation Society International Symposium, 2009. APSURSI '09. IEEE 1-5 June 2009 . 
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Relevant Radar-Detectable Parameters 
Indicating Adversarial Intent 


e Posture 

e Posture rigidity 

e Heartbeat waveform 

e Heart rate 

e Breath rate, volume approximation, patterns, anomalies 

e Wheezing, coughing, gasping 

e Blood pressure trends: waveform shape and transit time 

e Pulse-wave velocity giving a beat-by-beat approximation of blood pressure 
e Movement: fidgeting, remaining still, shaking, shivering, having spasms 

e Body stiffness, muscle tension, resonant frequency of body movement 


e Gait as indicators of stiffness (stress) or carrying a load or wearing 
protective clothing 


Ref: Bornstein et al., Remote Detection of Covert Tactical Adversarial Intent of Individuals in Asymmetric Operations, 
Army Research Laboratory Special Report ARL-SR-197, April 2010. 


Human Activity Detection 


e Doppler detection, specifically Micro-Doppler 

e Itis possible to identify human targets for 
through-wall scenarios by looking at the 
Doppler modulations 

e The effect of clutter is lower, as there are few 
moving objects in a room other than human 
targets 


Human Movement Velocities 


Parameter Velocity (ms ) 
Hand movement 5 
Rapid body movement 3 


Un 


Walking 
Heart movement 
Breathing 


Soo 
Op 
a A 


Ref: Daniels, “Radar Systems” in EM Detection of Concealed Targets. Hoboken, NJ: Wiley, 2010. 
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Human Activity Detection 


Example: 


Short time Fourier Transform Empirical Mode Decomposition 





Walking? Hand Movements? 





100 





90 








Instantaneous frequency (Hz) 





3.4 35 3.6 3.7 3.8 3.9 4 4.1 4.2 4.3 


-100 Time {$} 
1 2 3 4 9 6 


Instantaneous time (secs) 


Ref: ' Ram, Ling, et al., Journal of the Franklin Institute, 345, 679-699, 2008 
¢ Shastry, MS Thesis, The Pennsylvania State University, 2009 
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Typical Human Activities 


Lx 
Rx 
TABLE 1 


SEVEN HUMAN ACTIVITIES UNDER STUDY 





Activity Description 


(a). Running The act of running forward quickly by moving arms and | 
legs. | 

(bj. Walking The act of walking forward at a moderate speed while 
Moving arms and legs. 

(oc). Walking while | The act of walking while holding a wooden stick im a 


holding a stick horizontal position using both hands, ——| Ref: Kim and Ling, “Human activity 
(d). Crawling The act of crawling on both hands and knees while O , 
classification based on micro- 


moving forward on the ground. 
(e). Boxing while | The act of throwing punches using both arms while Doppler signatures using a support 


moving forward Walking torward. vector machin e” IEEE Transactions 


(0). Boxing while =| The act of throwing punches using both arms while 
standing in place | standing still | on Geoscience and Remote 
(8). Sitting still The act of sitting in a char with slight fidgeting Sensing, 47, 1328-1337, 2009. 
movements such as shaking of legs, touching of hair, or 
crossing öf arms, 
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Human Activity Response 


Frequency {Hz} 
Frequency (Hz) 








2 3 
time sec] 


(b) 


Frequency (Hz) 
Frequency (Hz| 





Oo 1 ? 3 4 5 a iat 1 ? 


time (ec) line (Sec) 


i 5 


(c) (d) 


Ref: Kim and Ling, “Human activity classification based on micro-Doppler signatures using a support 
vector machine,” /EEE Transactions on Geoscience and Remote Sensing, 47, 1328-1337, 2009. 
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Concealed Weapon Detection 


Dielectric Properties of Yarns and 
Textiles 


Results of e and ¢ at 9.8 GHz for Nylon 66 Yarn 


Diameter of e* (mean r 7 | E" Yan Hippel's 


the yarn of each V of each | (mean) | results at 3 GHz Results of e and e” at 9.8 GHz for the Textile Sample 
(m.} sample) | | ee sees | 
Thicknes4 of c'(meán of 3 “(mean of 


the sample [m. } pach sample} rar each sample) 


0.0264 





Ref: Kumar and Smith, “Microwave properties of yarns and textiles using a resonant microwave 
cavity,’ [EEE Transactions on Instrumentation and Measurement, 26, 95-98, 1977. 
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Transmission Loss Through Clothing 


Attenuation at Ka = Attenuation at W band 


Thickness (mum) 
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1: 1. -woollen sweater; 2-terylene; 3-pure cotton coat; 4-poncho cloth; 5-dark blue cloth; 6- cambndge blue cloth. 
2: And “--" denotes that the corresponding results aren't obtained 


Ref: Xiao, Xu, and Hu, “Research on the transmissivity of some clothing materials at millimeter-wave 
band,” Proc. 2008 International Conference on Microwave and Millimeter Wave Technology (ICMMT), 
Nanjing, China, pp. 1750-1753, April 2008. 


Frequency Considerations for 
Concealed Weapon Detection 


e In general, millimeter-wave frequencies are 
optimal for concealed weapon detection 
since: 

% Loss through thin cloth layers is quite small 

% Narrower antenna beamwidth can be obtained so 
as to isolate a single human from a distance 

% RCS of weapons is higher at higher millimeter- 
wave frequencies 


Typical Weapons and Nuisances 


Weapons | Major Nuisances 


=p 





* Bolt action, sawed off rifle with wood stock 


| | * Cellular phone 
¢ 38 Special revolver | 


* Pager 
* Llama Omni 45 caliber, semi-automatic pistol * SLR camera with metal body 
« Sterling 22 caliber, semi-automatic, ladies gun * Skateboard | 


* Clerke Technicore 32 caliber, 5 shot snub nosed revolver | +18" pipe 
« Glock 3 


« 9mm Beretta 
*« Knife in sheath 


Ref: Hunt, Hogg, and Foreman, “Concealed weapon detection using electromagnetic resonances,” 
Proc. SPIE Conf. Enforcement and Security Technologies, Boston, MA, pp. 62-67, Nov. 1998. 
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Geometry of Targets Considered 


a 





| e length: 13 cm 
radius a = 3 cm width: 9.2 cm 
Sphere Hand grenade 





length: 16.6 cm length: 50 cm 

width: 10.6 cm width: 21 cm 

thickness: 4 cm thickness: 3 cm 
Beretta M9FS Handgun AK47 Automatic rifle 


Ref: Thayaparan and Nikolova, Ultrawideband (UWB) High-Resolution Noise Radar for Concealed Weapon Detection: 
Electromagnetic Simulation - Phase 1, DRDC Technical Memorandum TM 2009-190, Oct. 2009. 
22 March 2018 EE Grad Colloquium 


Copolarised RCS of Targets 


sphere 
grenade 
a beretta 
+ AK47 


j 


RCS amplitude spectrum (ni) 


a 


oO 
av 


0.4 





= 
tr 
F 


0.5 1 1.5 2 
frequency (Hz) x 10 


Ref: Thayaparan and Nikolova, U/trawideband (UWB) High-Resolution Noise Radar for Concealed Weapon Detection: 
Electromagnetic Simulation - Phase 1, DRDC Technical Memorandum TM 2009-190, Oct. 2009. 
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Resonance Effects for Beretta 
Handgun 


Resonance 


RCS amplitude spectrum (nt) 





frequency (Hz) x 10° 


Ref: Thayaparan and Nikolova, U/trawideband (UWB) High-Resolution Noise Radar for Concealed Weapon Detection: 
Electromagnetic Simulation - Phase 1, DRDC Technical Memorandum TM 2009-190, Oct. 2009. 
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Weapon Detection Using Combined Co- 
and Crosspolarised Response 


o Body with No Objects 
o Body with PBIED 
| + Body with Clutter 





Crosspolar Amplitude 
(Arbitrary Units) 





0 02 04 06 08 1 
Copolar Amplitude (Arbitrary Units) 


Ref: Harmer etal., “A review of nonimaging stand-off concealed threat detection with millimeter-wave radar,” IEEE 
Microwave Magazine, 13, 160-167, 2012. 
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Concealed Metal Object Detection at 30 m 
with W-Band Millimeter-Wave Radar 


No Shirt Tee-Shirt 





Relative Received Power [dB] 
Relative Received Power [dB] 





Ref: Gallagher, Simultaneous 
human detection and ranging 
using a millimeter-wave radar 
system transmitting wideband 
noise with an embedded tone, 
M.S. Thesis, The Pennsylvania 
State University, May 2013. Pe Human without metal object 


Relative Received Power [dB] 
Relative Received Power [dB] 








E Hyman with concealed metal object 
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Tunnel Detection 


Considerations for Tunnel Detection 


Underground tunnels and caves are essentially voids 
Tunnels generally exist deeper in the ground 

Low frequencies are required to overcome propagation 
losses within the ground (< 200 MHz) 

Low frequency operation means that tunnel scattering 
occurs in the Rayleigh regime 

Electromagnetic scattering from tunnels is of lower 
amplitude calling for higher transmit power and/or better 
receiver sensitivity 

Due to reflections from top and bottom of hollow tunnel, 


peaks and nulls appear in frequency response due to 
interference phenomena 


Typical Tunnel Detection Geometry 





Transmutter 


Ref: Kuloglu and Chen, “Ground penetrating radar for tunnel detection,” Proc. IEEE International 
Geoscience and Remote Sensing Symposium, Honolulu, HI, pp. 4314 — 4317, July 2010. 
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Simulation of Tunnel Scattering 


Incident 
plane wave 


Denon A 


Wave number k, 





E, (TM) or H, (TE) \ Medium 2 / xX 
| NG Mp2, 07 
N Wave number k; a | 
Eno Hr Or Hrn 7 Hr z! 
y Medium 1 (ambient medium) 8,, =1 
o,=0 ' 
€ = p "O — 3 — "Y 5 — i o y 


IB) 


f 
i 


So p/ (dy Er] ). \ 


Ambient media 





Ref: Kuloglu and Chen, “Ground penetrating radar for tunnel detection,” Proc. IEEE International 
Geoscience and Remote Sensing Symposium, Honolulu, HI, pp. 4314-4317, July 2010. 
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Contraband Detection 


Dielectric Properties of Common 
Luggage Contents 


Data at 3 GHz 


SALT WATER T 
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2 3 4 5 6 +0? 
REAL PERMITTIVITY 


Ref: Watters et al., “Microwave inspection of luggage for contraband materials using imaging and 
inverse-scattering algorithms,’ Research in Nondestructive Evaluation, 7, 153-168, 1995. 
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Dielectric Constant 





Dielectric Properties of Paper Products 


e" = 2.60 + 0.43 
tan ô = 0.17 + 0.18 


e" = 2.09 0.08 
tan ô = 0.11 + 0.05 


Dielectric Constant 





8.5 9 9.5 10 10.5 11 11.5 12 8.5 9 9.5 10 10.5 11 11.5 12 
Frequency (GHz) Frequency (GHz) 
Paper Cardboard 


Ref: Olmi et al., “Thickness-independent measurement of the permittivity of thin samples in the X 
band,” Measurement Science and Technology, 13, 503-509, 2002. 
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Dielectric Properties of Explosives 


Data at 3 GHz 





Densily 

Substance (g/cc) Real e imag £ Frequency dependence 
TNT 1.6 2.84 0.005 None observed 
PETN 1.36 2.38 0.02 None observed 
RDX 1.35 2.60 0.01 None observed 
C4 1.61 3,28 0.04 None observed 
a-HMX 1.90 3.) Data only at 5 MHZ 
Black powder 1.49 3,3 0,07 Increases below 2 GHz 
Pistol powder 1.31 3,1 0.25 Increases below 2 GHz 
Cocaine-HC 1.21 3.0 0.01 None observed 
China White heroin 1.15 3.0 0.07 Decreases gradually with f 
Ammonium nitrate 1.67 7.1 0.042 Relaxation peak at 90 MHz 





Ref: Watters et al., “Microwave inspection of luggage for contraband materials using imaging and 
inverse-scattering algorithms,’ Research in Nondestructive Evaluation, 7, 153-168, 1995. 
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Conclusions 
Radar is a very powerful tool for homeland 
security applications 
Need for comprehensive clutter characterization 


Need for realistic models of targets to be 
detected 


Need for comprehensive and controlled 
measurements for model and algorithm 
validation 


Questions ?? 


Thank You 


